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NONCYCLIC DIGITAL FILTER AND RADIO
RECEPTION APPARATUS COMPRISING
THE FILTER

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to nonrecursive digital filters
using shift registers, such as matched filters, used for cell-
synchronization capturing and demodulation-synchroniza-
tion capturing in spread spectrum communication systems
and CDMA communication systems, and radio receiving
units using the nonrecursive digital filters.

2. Description of Related Art

Japanese Unexamined Patent Application Publication No.
He1-10-178386 discloses a matched filter serving as a non-
recursive digital filter in a conventional CDMA system.

In this conventional system, packets to which spectrum
spreading modulation has been applied by the use of spread-
ing codes are transmitted, they are received by an antenna
and demodulated by a recerving demodulation section. The
received signal 1s spectrum-spreading-modulated by the use
of the spreading codes, and the received signal 1s sent to a
matched filter. This matched filter 1s formed of a shiit
register for recerving and shifting the received signal, hav-
ing, for example, 64 bits; a register for setting a spreading-
code sequence having the same number of bits as the shiit
register; a multiplier for multiplying the outputs of the shift
register and the register bit by bit; and an adder for adding
the output signals of the multiplier. The received signal 1s
formed of packets and includes a preamble section and a
data section. The recerved signal 1s sampled, for example, at
the chip period of the spreading codes, and 1s converted to
digital values falling between —1.0 and +1.0 by A/D con-
version. The shift register shifts the recerved signal at the
chip period according to the sampling period of the received
signal. In general, to increase the precision of a correlated
value, a structure 1s used 1n which the received signal 1s
over-sampled, that 1s, sampled at a period shorter than the
chip period of the spreading codes, and 1s A/D converted,
and the shift register shifts the received signal according to
the sampling period.

SUMMARY OF THE INVENTION

In the conventional nonrecursive digital filter, however,
since a shift register having the number of stages corre-
sponding to the number of bits in the spreading-code
sequence corresponding to the received signal 1s provided,
and the received signal 1s sequentially shifted and stored 1n
the shift register, when the spreading-code sequence has
cight bits at a transmission rate of 1.6 MHz, a chip frequency
1s 1.6x8=12.8 MHz and the shiit register repeats switching
at a high speed, resulting in high power consumption. Since
the nonrecursive digital filter uses a great part of its power
consumption during receiving in a base-band chip used for
a portable phone employing CDMA, a demand for reducing
power cannot be satisfied.

The present invention overcomes this problem with the
conventional system. An object of the present invention 1s to
provide a nonrecursive digital filter having reduced power
consumption, and to provide a radio recerving unit using the
nonrecursive digital filter.

To achieve the foregoing object, the invention provides a
nonrecursive digital filter which has an n-stage shiit register
that sequentially shifts input data having a predetermined
number n of bits and 1n which the output of each output stage

10

15

20

25

30

35

40

45

50

55

60

65

2

of the shift register 1s multiplied by a filter coeflicient and
added. The n-stage shiit register 1s divided into a plurality of
shift registers, and each divided shift register i1s time-
divisionally driven 1n synchronization with the input data.

Since each divided shift register performs a time-divi-
sional shift operation 1n synchronization with the input data,
high-speed switching of the shift registers 1s reduced and
power saving 1s implemented by reducing the clock rate of
a shift clock used when the shift register 1s formed of n
stages.

The invention also provides a nonrecursive digital filter
which has an n-stage shift register that sequentially shifts
input data having a predetermined number n of bits and 1n
which the output of each output stage of the shift register 1s
multiplied by a filter coetlicient and added. The n-stage shiit
register 1s divided into first and second shiit registers each
having n/2 stages, and one of the first and second shift
registers performs a shift operation at a rising edge of a shift
clock, and the other performs a shift operation at a falling
edge of the shift clock.

Since the n-stage shift register 1s divided into shift reg-
isters, each having the half number of stages, one of them
stores the odd-numbered parts of the spreading-code
sequence and performs a shift operation at a rising edge of
the shift clock, and the other stores the even-numbered parts
of the spreading-code sequence and performs a shiit opera-
tion at a falling edge of the shift clock. The clock rate of a
shift clock used when the shift register 1s formed of n stages
can be halved to save power.

The invention also provides a nonrecursive digital filter
which has an n-stage shift register that sequentially shifts
input data having a predetermined number n of bits and 1n
which the output of each output stage of the shift register 1s
multiplied by a filter coetlicient and added. The filter
includes: first and second shift registers to which a spread-
ing-code sequence 1s mputted and a shift clock 1s 1nputted,
cach having n/2 stages obtained by dividing the n-stage shait
register; a reference-code register that stores n reference
codes; first and second selection devices that select and
output the odd-numbered stages and even-numbered stages
ol the reference-code register according to the shiit clock; a
first multiplication device that multiplies the output of each
stage of the first shift register by the output of the first
selection device; a second multiplication device that multi-
plies the output of each stage of the second shift register by
the output of the second selection device; and a correlation-
strength calculation device that adds the multiplication
results of the first multiplication device and the second
multiplication device to output a correlation strength. The
first and second shiit registers are configured such that either
one of them performs a shiit operation at a rising edge of the
shift clock and the other performs a shift operation at a
talling edge of the shift clock. The first and second selection
devices are configured such that, when the shift clock 1s 1n
an ON state, one of them outputs the even-numbered stages
of the reference-code register to the first multiplication
device, and the other outputs the odd-numbered stages to the
second multiplication device, and when the shift clock 1s 1n
an OFF state, the one of the first and second selection
devices outputs the odd-numbered stages of the reference-
code register to the first multiplication devices and the other
of the first and second selection devices outputs the even-
numbered stages to the second multiplication device.

The matched filter 1s provided, and for example, the first
shift register sequentially shifts the odd-numbered parts of
an mput code sequence at rising edges of the shift clock, and
the second shift register sequentially shifts the remaiming
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parts, the even-numbered parts, of the code sequence at
talling edges of the shift clock. When the shift clock 1s 1n an
ON state, the first selection device outputs the even numbers
of the reference-code register to the first multiplication
device, and the second selection device outputs the odd-
numbered stages of the reference-code register to the second
multiplication device, and when the shiit clock 1s in an OFF
state, the first selection device outputs the odd-numbered
stages of the reference-code register to the first multiplica-
tion device, and the second selection device outputs the
even-numbered stages of the reference-code register to the
second multiplication device. Therelore, the first and second
multiplication device multiplies the output of each output
stage of the first shift register by the output of the first
selection device at points of time slightly later than the
points of time the shift clock rises and the points of time the
shift clock falls, and the results of multiplication are added
by the Correlatlon-strength calculation device to output a
correlation output.

The 1nvention also provides a nonrecursive digital filter,
wherein the first and second selection devices are formed of
multiplexers, each disposed for two stages of the reference-
code register and selecting the odd-numbered stages and
even-numbered stages thereof. The first and second multi-
plication devices are formed of exclusive-OR circuits. The
correlation-strength calculation device 1s formed of an
adder.

After the first and second shift registers perform shift
operations, since each multiplexer performs a switching
operation to alternately select the odd-numbered stages and
multiple stages of the reference-code register according to
the ON or OFF state of the shiit clock to output the reference
code to the exclusive-OR circuits to which the output of each
stage of the first and second shift registers are inputted, the
correlation output of an eight-bit code sequence 1s obtained
by four pulses of the shiit clock.

The 1nvention also provides a radio receiving unit that
employs a CDMA method for performing operations includ-
ing path synchronization holding, 1n response to a spread-
spectrum signal being received from a base station. The unit
includes: an RF receiving section that converts a received
signal 1nto a base-band signal; a correlation section that
holds an 1nput digital signal, that holds a spreading code as
a reference code, and that performs inverse spectrum con-
version while calculating a correlation therebetween, to
output received data; and a base-band demodulation section
that demodulates the received data. The mput side of one of
the correlation section and the base-band demodulation
section 1s connected to the RF receiving section, and the
output side thereof 1s connected to the other. The correlation
section includes a matched filter formed of a nonrecursive
digital filter according to one of those described above.

The base-band signal output from the RF receiving sec-
tion undergoes spectrum despreading in the correlation
section to form received data and the received data 1s
demodulated by the base-band demodulation section, or the
base-band signal output from the RF receiving section 1s
demodulated by the base-band demodulation section and
undergoes spectrum despreading by the correlation section.
CDMA data 1s received, and the correlation section includes
a matched filter formed of a nonrecursive digital filter as
described above.

The 1nvention also provides a radio receiving unit that
transmits information data in packets by a spread spectrum
communication method, which directly performs spreading,
in a radio local-area network formed with another radio
communication terminal. The unit includes: an RF receiving
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section that converts received imnformation data into a base-
band signal; a correlation section that holds an mput digital
signal, that holds a spreading code as a reference code, and
that performs inverse spectrum conversion while calculating
a correlation therebetween, to output received data; a base-
band demodulation section that demodulates the received
data; and a packet processing section that performs packet
processing according to the received data. The mput side of
one of the correlation section and the base-band demodula-
tion section 1s connected to the RF receiving section, and the
output side thereot 1s connected to the other. The output side
thereol 1s connected to the packet processing section. The
correlation section includes a matched filter formed of a
nonrecursive digital filter according to one described above.
The base-band signal output from the RF receiving sec-
tion undergoes spectrum despreading in the correlation
section to form received data and the received data 1s
demodulated by the base-band demodulation section, or the
base-band signal output from the RF receiving section 1s
demodulated by the base-band demodulation section and
undergoes spectrum despreading by the correlation section.
Data 1s recerved 1n the radio local-area network. The corre-
lation section includes a matched filter formed of a nonre-
cursive digital filter according to one described above.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram of an embodiment 1n a case 1n
which the present invention 1s applied to a CDMA commu-
nication system;

FIG. 2 1s a block diagram of a matched filter constituting,
a nonrecursive digital filter of the present invention;

FIG. 3 1s a timing chart of the operations of the matched
filter;

FIG. 4 1s a block diagram of a modification of the
embodiment shown 1n FIG. 1; and

FIG. § 1s a block diagram of an embodiment 1n a case 1n
which the present invention 1s applied to a radio receiver for
a radio local-area network.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

Embodiments of the present invention will be
described below by referring to the drawings.

FIG. 1 1s a general structural view showing a case 1n
which the present immvention 1s applied to a CDMA (code
division multiple access) communication system. In a radio
transmitter, data to be transmitted and a spreading code C(t)
having a predetermined number of bits, n bits, generated by
a code generator 1 are multiplied by a multiplier 2 to form
spreading data; and the spreading data 1s converted to an
analog signal by a D/A converter 3, 1s modulated by a
modulation section 4, 1s amplified by a transmission ampli-
fier 5, and 1s transmitted from a transmission antenna 6.

In a radio receiver, the spreading data 1s recerved by a
receiving antenna 11, 1s RF-amplified by an RF amplifier 12,
1s demodulated by a demodulator 13, 1s converted to a digital
signal by an A/D converter 14 to form despreading data; and
the despreading data 1s mputted to a correlation section 19.
In the correlation section 19, the despreading digital data
output from the A/D converter 14 1s sent to a matched filter
15 serving as a nonrecursive digital filter to obtain the sum
of products (correlation output) with a despreading code C;
the sum 1s sent to a peak detecting section 16 to obtain a
synchronization capturing signal; the synchronization cap-



Us 7,061,975 B2

S

turing signal 1s sent to a despreading-signal generating
section 17 to generate a despreading code C(t); and the
despreading code C(t) 1s multiplied by the despreading data
output from the A/D converter 14 1n a multiplier 18 to
reproduce received data which is the same as the transmitted
data.

As shown 1n FIG. 2, 1in the matched filter 15, when the
despreading data has eight bits, a first shift register 21
formed by connecting 1n series four D flip-flops DF11 to
DF14 that receive the odd-numbered parts of the spreading
code sequence and that shift them 1s connected 1n parallel to
a second shiit register 22 formed by connecting 1n series four
D tlip-flops DF21 to DF24 that receive the even-numbered
parts of the despreading data and for shifting them; and a
reference-code register 23 that stores the eight-bit despread-
ing code 1s provided.

The reference-code register 23 1s connected at one output
side to four multiplexers MP11 to MP14 constituting a first
selection device, and 1s connected at the other output side to
four multiplexers MP21 to MP24 constituting a second
selection device.

The outputs of the multiplexers MP11 to MP14 and those
of the D flip-tlops DF11 to DF14 are mputted to exclusive-
OR circuits EO11 to EO14 constituting a first multiplier
device; the outputs of the multiplexers MP21 to MP24 and
those of the D flip-flops DF21 to DF24 are inputted to
exclusive-OR circuits EO21 to EO24 constituting a second
multiplier device; the output of each of the exclusive-OR
circuits EO11 to EO14 and EO21 to EO24 1s input to an
adder 25; the adder 25 adds the output of each of the
exclusive-OR circuits EO11 to EO14 and EO21 to EO24 at
points of time slightly later than a shift clock CK rises and
talls to calculate a correlation strength; and the correlation

strength 1s output to the peak detecting section 16.

The shift clock CK, having the period corresponding to
two bits of the received data, 1s mputted to the first shift
register 21 and to the second shift register 22. At a point of
time the shift clock CK rises from an OFF state to an ON
state, each of the D flip-flops DF11 to DF14 of the first shift
register 21 performs a shift operation, and at a point of time
the shift clock CK {falls from an ON state to an OFF state,
cach of the D flip-flops DF21 to DF24 of the second shiit

register 22 performs a shift operation.

The shift clock CK 1s also mputted to each of the
multiplexers MP11 to MP14; and the multiplexers select the
outputs of the even-numbered stages of the reference-code
register 23 when the shift clock CK 1s in an ON state, and
select the outputs of the odd-numbered stages of the refer-
ence-code register 23 when the shift clock CK 1s 1n an OFF

state, to output them to the exclusive-OR circuits EO11 to
EO14.

The shift clock CK 1s also inputted to each of the
multiplexers MP21 to MP24; and the multiplexers select the
outputs of the odd-numbered stages of the reference-code
register 23 when the shift clock CK 1s 1n an ON state, and
select the outputs of the even-numbered stages of the
reference-code register 23 when the shift clock CK 1s 1n an
OFF state, to output them to the exclusive-OR circuits EO21
to EO24.

An operation 1n the above embodiment will be described
next by referring to the timing chart of FIG. 3.

It 1s assumed that the radio transmitter sends transmission
data D1 and D2 each formed of an eight-bit spreading code
C(t) and indicating data of “1” or “0” as shown 1n FIG. 3(a),
in the order of the rightmost bit D11, D12, D13, . . . to the

receiving side.
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In the radio receiver, the transmission data D1 and D2 1s
received by the receiving antenna 11, 1s RF-amplified by the
RF amplifier 12, 1s demodulated by the demodulator 13, and
1s converted to digital data by the A/D converter 14 to form
despreading data. Then, the despreading data 1s sent to the
matched filter 15 in the correlation section 19, a correlation
calculation with the despreading code C 1s performed by the
matched filter 15, and a correlation strength output 1s output
to the peak detecting section 16.

The peak detecting section detects the maximum and
minimum peaks of the correlation strength output to gener-
ate a synchronization capturing signal TS and sends 1t to the
despreading-code generator 17. The despreading-code gen-
erator 17 generates a despreading-code sequence C(t) 1n
synchronization with the synchronization capturing signal
TS, and sends it to the multiplier 18, so that the multiplier
18 multiplies the despreading data by the despreading-code
sequence C(t) to reproduce recerved data which i1s the same
as the transmission data.

In the matched filter 15, 1t 1s assumed that the reference-
code register 23 stores reference codes of C8, C7, C6, C5,
C4, C3, C2, and C1 sequentially from the leftmost output
stage, which have a value of “00011101,” as shown 1n a
second row at the right-hand side in each of the FIGS. 3(c¢)
to 3(k). When the despreading data shown i FIG. 3(a) 1s
inputted in this state, the odd-numbered data D11, D13, . . .,
which 1s indicated by white numerals 1n black backgrounds,
1s sequentially stored in the first shift register 21 at points of
time the shift clock CK shown in FIG. 3(5) and inputted in
synchronization with the despreading data rises, and the
even-numbered data D12, D14, . . . 1s sequentially stored 1n

the second shift register 22 at points of time the shift clock
CK falls.

The multiplexers MP11 to MP14 select the odd-numbered
codes C7, C5, C3, and C1 of the reference-code register 23,
which have a value of “0111” when the shift clock CK 1s 1n
an OFF state, and select the even-numbered codes C8, C6,
C4, and C2 of the reference-code register 23, which have a
value of “0010” when the shift clock CK 1s 1n an ON state.
In contrast, the multiplexers MP21 to MP24 select the
even-numbered codes C8, C6, C4, and C2 of the relerence-
code register 23, which have a value of “0010” when the

shift clock CK 1s 1n an OFF state, and select the odd-
numbered codes C7, C5, C3, and C1 of the reference-code
register 23, which have a value of “0111” when the shift
clock CK 1s 1n an ON state.

Therefore, 1n a case 1n which the first eight-bit despread-
ing data D1 of “00011101”, shown in FIG. 3(a), 1s alter-
nately mputted to the first shift register 21 and the second
shift register 22 at both rising and falling edges of the shift
clock CK: and odd-numbered data bits D15, D13, and D11
having a value of “111” are stored in the D tlip-tlops DF11,
DF12, and DF13 of the first shift register 21, respectively, as
shown 1n FIG. 3(c¢), when the shiit clock CK rises at a point
to of time as shown 1n FIG. 3(b), the data of “111” which has
been stored so far in the tlip-flops DF11 to DF13 1s shifted
and stored 1n DF12 to DF14, and the last odd-numbered data
D17 having a value of “0” 1s stored in the flip-tlop DF11,
whereby the D flip-tlops DF11, DF12, DF13, and DF14 of
the first shift register 21 store the odd-numbered data D17,
D15, D13, and D11 having a value of “0111,” as shown 1n
FIG. 3(c).

Next, in a case in which the first three even-numbered
data bits D16, D14, and D12 having a value of “010” are
stored 1n the D flip-flops DF21, DF22, and DF23 of the
second shift register 22, when the shiit clock CK {falls at a
point t1 of time, the data of “010” which has been stored in
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the thp-tlops DF21 to DF23 so far 1s shifted and stored in
DF22 to DF24, and the last even-numbered data D18 having
a value of “0” 1s stored in the tlip-flop DF21, whereby the
D flip-tflops DF21, DF22, DF23, and DF24 of the second
shift register 22 store the even-numbered data D18, D16,
D14, and D12 having a value of “0010,” as shown 1n FIG.
3(c).

At apoint {2 of time slightly later than the point t1 of time,
since the shift clock CK 1s in an OFF state, the multlplexers
MP11, MP12, MP13, and MP14 serving as the first selection
dewce select the odd numbered outputs of the reference-
code register 23. Theretfore, the multiplexers MP11, MP12,
MP13, and MP14 output the odd-numbered codes C7, C5,
C3, and C1 of the reference code C, having a value of “0111”
as Shown in FIG. 3(c). In the same way, since the multi-
plexers MP21, MP22, MP23, and MP24 serving as the
second selection device select the even-numbered outputs of

the reference-code register 23, the multiplexers MP21,

MP22, MP23, and MP24 output the even-numbered codes
C8, C6, (4, and C2 of the reference code C, having a value
of “0010” as shown 1 FIG. 3(c¢).

As a result, of the data stored 1n the first and second shift
registers 21 and 22, the despreading data D1 will be stored
in the order as shown 1n a first row at the right-hand side 1n
FIG. 3(c), and the reference codes selected by the multi-
plexers MP11 to MP14 and MP21 to MP24 will be stored as
shown 1n the second row at the right-hand side 1n FIG. 3(c¢).
This means that a shift operation will be performed that 1s
equivalent to a conventional-operation 1n which eight D
tlip-flops are connected 1n series.

Therefore, since the input data of each of the exclusive-
OR circuits EO11 to EO14 1s the same, all the circuits output
low-level data. In addition, since the input data of each of the
other exclusive-OR circuits EO21 to EO24 1s also the same,
all the circuits output low-level data. Consequently, the
correlation strength output calculated by the adder 25 has the
mimmum level, 0. This output 1s sent to the peak detecting,
section 16, and the peak detecting section 16 determines that
it 1s the mimmum peak value and sends a pulse-shaped
synchronization capturing signal TS to the despreading-code
generator 17 to start outputting the despreading-code
sequence C(t) to the multiplier 18.

When the shiit clock CK rises at a point t3 of time, first
data D21 having a value of “0” of the despreading data D2
tollowing the despreading data D1 1s stored in the D tlip-tlop
DF11 of the first shift register 21, as shown i FIG. 3(d).
Theretore, the data 1n the thip-tlops DF11 to DF14 1s shifted,
and the stored data becomes “0011.” Since the tlip-tlops
DEF21 to DF24 of the second shiit register 22 do not perform
a shift operation at this time, the previously stored data of
“0010” 1s maintained.

At apoint t4 of time slightly later than the point t3 of time,
since the shift clock CK 1s 1n an ON state, the multiplexers
MP11, MP12, MP13, and MP14 serving as the first selection
dewce select the even—numbered outputs of the reference-
code register 23, and the multiplexers MP11, MP12, MP13,
and MP14 output the even-numbered codes C8, Cé6, C4, and
C2 of the reterence code C, having a value of “0010” as
shown i FIG. 3(d). In contrast, the multiplexers MP21,
MP22, MP23, and MP24 serving as the second Selectlon
dewce output the odd-numbered codes C7, C5, C3, and C1
of the reference code C, having a value of 0111 as shown
in FIG. 3(d).

As a result, as shown 1n a first row at the right-hand side
of FIG. 3(d), the content of the first shift register 1s the
even-numbered data obtained when a shift operation 1is

performed 1n the same way as 1n the conventional case, and
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the content of the second shift register 1s the odd-numbered
data, and the reference codes are switched accordingly, thus
a shiit operation equivalent to that performed conventionally
when eight D flip-tlops are connected 1n series 1s performed.

Therefore, the exclusive-OR circuits EO11 to EO13 out-
put low-level data, the exclusive-OR circuit EO14 outputs
high-level data, the exclusive-OR circuits EO21 and EO23
output low-level data, and the exclusive-OR circuits EO22
and EO24 output high-level data. Thus, the adder 25 outputs
a correlation strength of “3” and the peak detecting section
16 determines that this output 1s not a peak value and stops
outputting the synchronization capturing signal TS.

Then, at a point of time when the shift clock CK {falls as
shown 1n FIG. 3(e), first even-numbered data D22 having a
value of “1” of the despreading data D2 1s stored in the
second shift register 22. Therefore, the content of the shift
register 1s updated to “1001” by a shift operation. Since the
first shift register 21 does not perform a shiit operation at
this time, it maintains “0011” as shown 1n FIG. 3(e). The
multiplexers MP11 to MP14 output the odd-numbered codes
C7, C§, C3, and C1 of the reference code C, having a value
of “0111” as shown 1n FIG. 3(e). The multiplexers MP21 to
MP24 output the even-numbered codes C8, C6, C4, and C2
of the reference code C, having a value of 0010 as shown
in FIG. 3(e). Also 1n this case, as shown 1n a first row at the
right-hand side 1n FIG. 3(e), a shiit operation equivalent to
an eight-stage shiit operation 1s performed.

Therefore, the exclusive-OR circuits EO11, EO13, EO14,

and EO22 output low-level data, and the remaining exclu-
sive-OR circuits EO12, EO21, EO23, and EO24 output
high-level data, thus the adder 25 outputs a correlation
strength of “4” to the peak detecting section 16, and the peak
detecting section 16 determines that this output 1s not a peak
value and continues the state in which the output of the
synchronization capturing signal T'S 1s being stopped.

Then, at nising edges and falling edges of the shift clock
CK, as shown i FIG. 3(f) to FIG. 3(j) sequentially, odd-
numbered data D23 of the despreading data D2 i1s stored in
the first shift register 21, even-numbered data D24 1s stored
in the second shift register 22, odd-numbered data D25 1is
stored 1n the first register 21, and even-numbered data D26
1s stored 1n the second shift register 22; correlation strengths
of “5,7 “4” *“3” “4” and *“5” are output; and the peak
detecting section 16 determines that the outputs are not peak
values and continues the state 1n which the output of the
synchronization capturing signal TS 1s being stopped.

Then, as shown 1n FIG. 3(%), the last even-numbered data
D28 having a value of “1” of the despreading data D2 is
stored 1n the flip-tflop DF21 of the second shift register 22,
the content thereol becomes “1101, and the first shift register
21 maintains 1ts content of “1000.” As a result, as shown 1n
a first row at the right-hand side of FIG. 3(%), the data stored
in the first shift register 21 1s the odd-numbered data
obtained when an eight-stage shift register 1s used, and the
data stored in the second shift register 22 is the even-number
data.

Immediately after this state, since the shiit clock CK 1s 1n
an OFF state, the multiplexers MP11 to MP14 select the
odd-numbered codes C7, C5, C3, and C1 having a value of
“0111” of the reterence code C stored 1n the reference-code
register 23, and the multiplexers MP21 to MP24 select the

even-numbered codes C8, C6, C4, and C2 having a value of
“0010” of the reference code C. Theretfore, the exclusive-OR
circuits EO11 to EO14 and EO21 to EO24 all output
high-level data. The adder 25 outputs a correlation strength
of “8” and sends it to the peak detecting section 16, and the
peak detecting section 16 determines that 1t 1s the maximum
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peak value and outputs a pulse-shaped synchronization
capturing signal TS. In response to this output, the despread-
ing-code generator 17 outputs a despreading-code sequence
C(t) again, and the multiplier 18 multiplies the sequence by
the next despreading data D3 to reproduce received data
which 1s the same as the transmission data.

As described above, according to the above embodiment,
the shift register 1s divided 1nto the first shiit register 21 and
the second shift register 22, each having the number of
stages hall the number of bits of the spreading code and the
registers are connected in parallel; one of the registers
performs a shift operation at rising edges of the shift clock

CK and the other performs a shift operation at falling edges
of the shift clock CK; the multiplexers MP11 to MP14 and

MP21 to MP24 seclect the odd-numbered and the even-
numbered parts of the reference code stored 1n the reference-
code register 23 according to the ON and OFF states of the
shift clock CK; the output of each stage of each shift register
and the outputs of the multiplexers M11 to MP14 and MP21
to MP24 are sent to the exclusive-OR circuits EO11 to EO14
and EO21 to EO24; when they do not match, a high-level
output 1s obtained, and each output 1s added by the adder 235
to obtain a correlation-strength output; thus when eight-bit
despreading data 1s reproduced, only four pulses of the shiit
clock CK are required and each bit passes through just four
D flip-flops. Therefore, eight pulses and eight flip-flops
through which each data passes, required when an eight-
stage shift register 1s used as 1n the conventional case, are
halved, the clock rate of the shift clock CK can be reduced
to 1ts half, and a high power saving 1s implemented. In this
case, although the multiplexers MP11 to MP14 and MP21 to
MP24 perform additional switching operations, since each
reference code has only one bit, an advantage obtained when
the number of times the multiple-bit shift register switches
1s reduced 1s much greater than the disadvantage of the
additional switching operations. Therefore, the power con-
sumption of the entire radio recerver using the matched filter
15 1s reduced, and a built-in battery can be used for a longer
period.

In the above embodiment, the spreading code has eight
bits. The number of bits the spreading code has 1s not limited
to this case. The spreading code can have any number of bits.

In the above embodiment, the reference code correspond-
ing to the despreading data D1 i1s stored in the reference-
code register 23. Data to be stored 1s not limited to this code.
The reference code corresponding to the despreading code
D2 may be stored. Despreading data may be manipulated
such that the odd-numbered bits and even-numbered bits are
switched to form a reference code. In this case, selections

made by the multiplexers MP11 to MP14 and MP21 to
MP24 according to the shift clock CK need to be made
reverse to those performed in the above embodiment. The
circuit structure may be configured such that two reference-
code registers are provided to store the odd-numbered codes
and the even-numbered codes of the reference code corre-
sponding to the despreading data D1 or D2; the two registers
are selected by multiplexers; and the selected data 1s sent to
the exclusive-OR circuits EO11 to EO14 and EO21 to EO24.

The number of divisions made for a shift register 1s not
limited to two. It may be set to any value, such as three or
four. The number of bits to be selected 1n the output stages
of the reference-code register 23 needs to be increased
accordingly.

In the above embodiment, a base-band signal output from
the RF amplifier 12 1s demodulated by the demodulator 13,
1s converted to a digital signal by the A/D converter 14, and
1s sent to the correlation section 19 1n the radio receiver. The
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circuit structure 1s not limited to this structure. As shown 1n
FIG. 4, a CDMA telephone receiver 220 may be configured
such that a base-band signal 1s amplified by the RF amplifier
12, 1s converted to a digital signal by the A/D converter 14,
1s sent to the correlation section 19 having the matched filter
15 shown 1 FIG. 2 to undergo spectrum despreading, 1s
demodulated by a base-band demodulation section 21, and
1s sent to a processing circuit 221.

In the above embodiment, the present invention 1s applied
to the matched filter. The application 1s not limited to this
case. The present invention can also be applied a nonrecur-
sive digital filter which has an n-stage shift register and 1n
which the output of each output stage 1s multiplied by a filter
coellicient and added.

In the above embodiment, the present invention 1s applied
to the CDMA communication system. The application 1s not
limited to this case. As shown in FIG. 5, the present
invention can also be applied to a radio recerving unit 30 for
a radio local-area network which employs a spread spectrum
(SS) method, 1n which direct spreading (DS: direct sequence
or direct spread) 1s performed. Specifically, the radio receiv-
ing unit 30 1s configured so that a signal received by the
antenna 11 1s amplified by the RF amplifier 12, the amplified
signal 1s converted to a digital signal by the A/D converter
14, and the digital signal undergoes spectrum despreading
by the correlation section 19 having the matched filter 15
shown 1 FIG. 2, and 1s demodulated by a base-band
demodulation section 31, after which data 1s extracted from
received packets by a packet processing section 32 and 1s
sent to a portable mmformation terminal 33 that requires
reduced power consumption, such as notebook computers,
mobile devices or the like, and the radio receiver 30 1s
turther configured so that 1t receives the power it needs from
the portable mnformation terminal 33. Also 1n this case, since
the matched filter 15 saves power 1n the correlation section
19, power saving of the entire radio receiving unit 30 1s
achieved, and a built-in battery of the portable information
terminal 33 to which the radio receiving unit 30 1s to be
connected can be used for a longer period. The order of
connections can be changed between the base-band demodu-
lation section 31, and the A/D converter 14 and the corre-
lation section 19. In addition, the present invention can
turther be applied to other radio receivers using a spreading
code.

As described above, according to the invention, since
cach divided shift register performs a time-divisional shiit
operation 1n synchronization with the mput data, it 15 pos-
sible to reduce the number of high-speed switching opera-
tions of the shift registers, and when a shilt register 1s
configured 1n n stages 1t 1s possible to reduce power con-
sumption by reducing the clock rate of the shift clock.

In addition, according to another aspect of the invention,
the n-stage shift register 1s divided into shift registers each
having the half number of stages, one of them stores the
odd-numbered parts of the spreading-code sequence and
performs a shift operation at a rising edge of the shift clock,
and the other stores the even-numbered parts of the spread-
ing-code sequence and performs a shift operation at a falling
edge of the shift clock. Thus, an advantage i1s obtained 1n
which the clock rate of a shift clock used when the shift
register 1s formed of n stages can be halved to save power.

Further, according to another aspect of the invention, the
matched filter 1s provided, and for example, the first shift
register sequentially shifts the odd-numbered parts of an
input code sequence at rising edges of the shift clock, and the
second shift register sequentially shifts the remaining parts,
the even-numbered parts, of the code sequence at falling
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edges of the shift clock; when the shift clock 1s 1n an ON
state, the first selection device outputs the even-numbered
stages of the reference-code register to the first multiplica-
tion device and the second selection device outputs the
odd-numbered stages of the reference-code register to the
second multiplication device, and when the shiit clock 1s 1n
an OFF state, the first selection device outputs the odd-
numbered stages of the reference-code register to the first
multiplication device and the second selection device out-
puts the even-numbered stages of the reference-code register
to the second multiplication device; and the outputs of both
multiplication devices are added by adder device to obtain a
correlation-strength output. Therefore, an advantage 1is
obtained 1n which the first shift register and the second shiit
register alternately perform shiit operations at both edges of
the shift clock to perform a shiit operation equivalent to that
performed when the shift register 1s undivided and used, and
the clock rate can be halved to save power.

Furthermore, according to another aspect of the invention,
alter the first and second shiit registers perform shiit opera-
tions, since each multiplexer performs a switching operation
to alternately select the odd-numbered stages and multiple
stages of the reference-code register according to the ON or
OFF state of the shift clock to output the reference code to
the exclusive-OR circuits to which the output of each stage
of the first and second shift registers are nputted, an
advantage 1s obtained in which the correlation output of an
eight-bit code sequence 1s obtained by four pulses of the
shift clock.

Still further, according to another aspect of the mnvention,
the base-band signal output from the RF receiving section
undergoes spectrum despreading in the correlation section to
form received data and the recerved data 1s demodulated by
the base-band demodulation section, or the base-band signal
output from the RF receiving section 1s demodulated by the
base-band demodulation section and undergoes spectrum
despreading by the correlation section, whereby data 1is
received 1n a radio local-area network, and the correlation
section includes a matched filter formed of a nonrecursive
digital filter according to one of those described above.
Therefore, an advantage 1s obtained 1n which the power of
a base-band chip, which consumes power most 1n the radio
communication unit employing the CDMA method, can be
saved, and a radio receiving umt suited to a portable
information terminal which requires power saving, such as
a mobile unit or a notebook personal computer, 1s provided.

Yet further, according to another aspect of the invention,
the base-band signal output from the RF receirving section
undergoes spectrum despreading in the correlation section to
form received data and the recerved data 1s demodulated by
the base-band demodulation section, or the base-band signal
output from the RF receiving section 1s demodulated by the
base-band demodulation section and undergoes spectrum
despreading by the correlation section. Data 1s received 1n
the radio local-area network. The correlation section
includes a matched filter formed of a nonrecursive digital
filter according to one of those described above. Therelore,
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an advantage 1s obtained 1n which the power of a base-band
chip, which consumes power most 1 each radio receiving
unit constituting the radio local-area network, can be saved,
and the power of all of the radio receiving units constituting
the radio local-area network can be saved.

What 1s claimed 1s:

1. A nonrecursive digital filter, comprising;

an n-stage shift register that sequentially shifts mput data
having a predetermined number n of bits, and 1n which
the output of each output stage of the shift register 1s
multiplied by a filter coeflicient and added, the n-stage
shift register including:

first and second shift registers to which the input data 1s
mput and a shift clock 1s mputted, each having n/2
stages obtained by dividing the n-stage shilt register;

a reference-code register that stores n reference codes;

first and second selection devices that select and output
odd-numbered stages and even-numbered stages of the
reference-code register according to the shift clock;

a first multiplication device that multiplies an output of
cach stage of the first shift register by the output of the
first selection device;

a second multiplication device that multiplies an output of
cach stage of the second shift register by the output of
the second selection device; and

a correlation-strength calculation device that adds multi-
plication results of the first multiplication device and
the second multiplication device to output a correlation
strength;

wherein the first and second shift registers are configured
such that one of the first and second shift registers
performs a shift operation at a rising edge of the shift
clock and the other performs a shift operation at a
falling edge of the shiit clock; and

wherein the first and second selection devices are config-
ured such that, when the shift clock 1s 1n an ON state,
one of the first and second selection devices outputs
even-numbered stages of the reference-code register to
the first multiplication device and the other of the first
and second selection devices outputs odd-numbered
stages to the second multiplication device, and when
the shift clock 1s 1n an OFF state, the one of the first and
second selection devices outputs the odd-numbered
stages of the reference-code register to the first multi-
plication device and the other of the first and second
selection devices outputs the even-numbered stages to
the second multiplication device.

2. The nonrecursive digital filter according to claim 1, the
first and second selection devices being formed of multi-
plexers, each being disposed for two stages of the reference-
code register and selecting the odd-numbered stages and
even-numbered stages thereof; the first and second multi-
plication devices being formed of exclusive-OR circuits; and
the correlation-strength calculation device being formed of
an adder.
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